###### Strengths and limitations of this study

-   Homogeneous population.

-   High participation rate which reduces selection bias between appropriate for gestational age (AGA) and small for gestational age (SGA).

-   First study to evaluate risk of dietary intake of adults born SGA versus those born AGA.

-   First study to highlight the importance of comparing dietary intake of adults based on weight for gestational age.

-   The food items in the questionnaire used are limited but still provide information on dietary intake.

-   Small subgroup of the population and thus might have not had enough power to detect significant differences with regard to dietary intake.

Introduction {#s1}
============

Low birth weight and small for gestational age (SGA) have both been associated with later higher susceptibility for development of impaired metabolic phenotype such as obesity, hypertension and insulin resistance (IR), as well as type 2 diabetes in adulthood. This has been well documented in several studies pointing out the negative consequences of nutritional inadequacies during fetal and early life.

The mechanisms have not yet been fully elucidated and several hypotheses have been proposed, including the 'small baby syndrome' or 'the fetal origins' hypothesis proposed by Barker and colleagues, and considers that undernutrition during critical periods in utero, could programme the metabolic syndrome and diabetes risks in adulthood.[@R1] Another hypothesis, proposed by Hales and colleagues, is the thrifty phenotype which states that the fetus adapts to the adverse intrauterine environment and diverts limited nutrients to essential organs such as the brain at the expense of other less important organs such as the pancreas.[@R2] On the other hand, Neel *et al*[@R3] suggested the thrifty genotype hypothesis which considers that genes which promote survival and growth of the fetus also promote development of IR in a favourable environment. Data from the Haguenau cohort show that people born SGA have a sixfold increase in metabolic syndrome at the age of 22 years compared with individuals born appropriate for gestational age (AGA).[@R4] The impact of lifestyle factors such as dietary intake of adults born SGA are not yet clear in the literature; they could potentially affect the development of cardiovascular diseases and impaired metabolic factors.[@R5] Some animal studies have shown that intrauterine exposure may affect food intake later in life and have suggested the prenatal programming effect of obesity when exposed to undernutrition.[@R6] Moreover, results from the Dutch Famine Birth Cohort showed that prenatal exposure to famine and consequently lower birth weight and smallness at birth are associated with a preference for fatty foods and an atherogenic serum profile among adults.[@R7] It has also been shown in data from the Haguenau cohort that in case of obesity, SGA-born adults are at higher risk of developing metabolically unhealthy obesity.[@R8]

To the best of our knowledge, there are no published data comparing dietary intakes of adults born either SGA or AGA. In this study, we hypothesise that since SGA individuals tend to exhibit more unfavourable metabolic outcomes in adulthood, they could also have a different dietary pattern than AGA individuals. Then the present objective was to describe the dietary intakes of SGA-born and AGA-born individuals in the French Haguenau cohort.

Materials and methods {#s2}
=====================

Study population {#s2a}
----------------

Data were drawn from the Haguenau cohort, a community-based cohort derived from a maternity registry of the metropolitan area of the city of Haguenau (France) that has the purpose of investigating the long-term consequences of being born SGA.[@R9] Briefly, the registry included information about all pregnancies and deliveries occurring at the city maternity hospital from 1971 to 1985 with an 80% degree of completeness.

SGA and AGA individuals were all singleton births and born between 32 and 42 weeks of gestation. SGA were individuals born with body weight \<10th centile with respect to local standard growth curves. AGA individuals were born between the 25th and the 75th centiles for sex and gestational age and were selected as the next full-term singleton after the selection of an SGA individual.[@R10] Data in the Haguenau cohort were drawn at two time points with a participation rate of 80.7% at the second visit.[@R4] The first visit took place when singletons were on average 22 years of age, and participants who agreed to participate were 886 AGA individuals and 734 SGA.[@R4] Since dietary intake was only inquired at the first visit and on only 536 participants, we included data from those with complete data (n=401 aged in average of 22 years, [figure 1](#BMJOPEN2016012309F1){ref-type="fig"}).

![Flow chart of small for gestational age (SGA) and appropriate for gestational age (AGA) participants and the ones with dietary data information included in the analyses.](bmjopen2016012309f01){#BMJOPEN2016012309F1}

*Measurement strategy*: Details about measurements are available in the previous publication of Meas *et al*.[@R10] Cross-sectional analyses are presented in this work.

*Dietary intake* was evaluated using a self-administered questionnaire including 19 components and information on alcohol, water, meat, fish, poultry, eggs, dairy products, bread and sweets consumption.

An a priori score for dietary intake was also calculated based on adherence to French nutritional recommendations.[@R11] Food groups were defined using the 'Programme National Nutrition Sante' (PNNS) guidelines.[@R12] From the questionnaire that was available in the study, eight components were obtained: (1) alcohol; (2) water, sweetened beverages, soda; (3) fish; (4) bread; (5) meat, eggs, fish; (6) milk, dairy products; (7) total fats; and (8) sugar, desserts. Scoring ([table 1](#BMJOPEN2016012309TB1){ref-type="table"}) was based on the PNNS guidelines. At least one point was attributed when the behaviour was in accordance with the recommendations. Individuals who failed to meet the recommendation but came close had intermediate points, depending on the PNNS criteria. A 0.5 point was deducted from those who had an intake of sugar and desserts more than or equal to four times per week. The total score has a maximal value of 8, with higher values indicating a better adherence to the French nutritional recommendations. The scores were compared between AGA-born and SGA-born adults.

###### 

Criteria for scoring calculation following the Programme National Nutrition Sante (PNNS) guidelines

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                        Recommendation                                                      Scoring criteria                                                                  Score
  ------------------------------------------------------------------------------------- ------------------------------------------------------------------- --------------------------------------------------------------------------------- ------------
  Alcohol                                                                               ≤2 glasses wine/day for women\                                      Abstainers                                                                        1
                                                                                        ≤3 glasses wine/day for men                                                                                                                           

  \<½ L/day for women                                                                   0.5                                                                                                                                                   

  More than ½ L/day for women                                                           0                                                                                                                                                     

  \<½--1 L/day for men                                                                  0.5                                                                                                                                                   

  More than 1 L/day for men                                                             0                                                                                                                                                     

  Water and sweetened beverages or soda                                                 Drink water as desired; limit sweetened beverages to ≤1 glass/day   Water \<1 L and soda ≥½ L/day                                                     0

  Water ≥1 L and soda ≥½ L/day                                                          0.5                                                                                                                                                   

  Water \<1 L and soda=0/day                                                            0.75                                                                                                                                                  

  Water ≥1 L and soda=0/day                                                             1                                                                                                                                                     

  Fish                                                                                  ≥2 servings/week                                                    Fish \<2 servings/week                                                            0

  Fish ≥2 servings/week                                                                 1                                                                                                                                                     

  Bread                                                                                 At each meal according to appetite                                  \<50 g/day                                                                        0

  50--200 g/day                                                                         1                                                                                                                                                     

  \>200 g/day                                                                           0.5                                                                                                                                                   

  Sugar and desserts                                                                    Limit consumption                                                   ≥4 times/week                                                                     −0.5

  \<4 times/week and more than 1 time/week                                              0                                                                                                                                                     

  1 time or less/week                                                                   1                                                                                                                                                     

  Total fats                                                                            Limit consumption                                                   1 time or less/week                                                               1

  2--4 times/week                                                                       0.5                                                                                                                                                   

  More than 4 times/week                                                                0                                                                                                                                                     

  Meat, eggs and fish                                                                   Servings/day                                                        \<100 g of meat/day and \<4 eggs/week and \<2 servings fish/week                  0.5

  Meat between 100 and 200 g/day and eggs 4--7/week and fish 2--4 servings/week         1                                                                                                                                                     

  Meat \>200 g/day and eggs \>8/week and fish ≥4 servings/week                          0                                                                                                                                                     

  Dairy products                                                                        3 servings/day                                                      Yogurt portion \<1/week and \<1/day dairy product and \<1 portion of cheese/day   0

  2--4/week yogurt portion and 1--2 dairy product/day and 2--3 portions of cheese/day   1                                                                                                                                                     

  \>4 yogurt portion/week and \>2 dairy product/day and \>3 cheese portions/day         0.5                                                                                                                                                   

  Total score                                                                                                                                                                                                                                 Minimum=0\
                                                                                                                                                                                                                                              Maximum=8
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Metabolic variables*: Data on fasting total and high-density lipoprotein cholesterol, triglycerides, plasma glucose and insulin levels were available and details are included elsewhere.[@R10]

All participants gave written consent.

Statistical analyses {#s2b}
--------------------

Descriptive statistics were performed to provide characteristics of the sample studied and are presented as means±SD or percentages by type of weight for gestational age. Data from a total of 401 individuals with the complete data set are presented as a function of type (AGA, SGA). A χ^2^ test of independence was performed to examine the difference in intake between SGA-born and AGA-born individuals. Multiple correspondence analyses were run in order to determine relationships between components of the Food Frequency Questionnaire in SGA and AGA individuals. The a priori score was divided into quartiles. The SAS Genmod procedure adjusting for age and sex was used to compare relative risk and 95% CIs of belonging to the first quartile versus the other three quartiles in SGA-born versus AGA-born individuals. All tests were two-tailed and p\<0.05 was considered significant. All analyses were undertaken using SAS V.9.3 software (SAS, Cary, North Carolina, USA).

Results {#s3}
=======

Participants of the SGA group had significantly lower height and weight at age 22, but no significant difference was observed with regard to body mass index (BMI; [table 2](#BMJOPEN2016012309TB2){ref-type="table"}). Metabolic outcomes did not differ between both groups in the subpopulation with available dietary data.

###### 

Sample characteristics at baseline

  Variables                         AGA (n=229)   SGA (n=172)   p Value
  --------------------------------- ------------- ------------- ---------
  Age, years                        22.0±4.5      22.2±4.6      0.75
  Male, per cent                    44.1          43.6          0.92
  Weight, kg                        71.4±16.1     66.0±16.4     0.001
  Height, cm                        170.9±8.0     167.6±8.7     \<0.001
  BMI, height/m^2^                  24.3±4.6      23.4±5.2      0.06
  Waist circumference, cm           78.0±10.7     75.9±12.6     0.08
  Body fat, per cent                27.5±8.8      26.8±9.6      0.51
  Systolic blood pressure, mm Hg    118.5±11.7    118.8±10.7    0.79
  Diastolic blood pressure, mm Hg   61.5±10.2     61.6±10.1     0.95
  Total cholesterol, mM             4.4±0.8       4.5±0.9       0.62
  HDL-cholesterol, mM               1.5±0.3       1.4±0.3       0.49
  Triglycerides, mM                 1.0±0.4       1.1±0.5       0.07
  Fasting glucose, g/L              0.8±0.06      0.8±0.07      0.89

Values are mean±SD.

AGA, appropriate for gestational age; BMI, body mass index; HDL, high-density lipoprotein; SGA, small for gestational age.

[Table 3](#BMJOPEN2016012309TB3){ref-type="table"} presents the results of χ^2^ analyses which identified significant differences in the intake of meat, sugar and fish (p\<0.05), with SGA-born adults consuming more meat and sugar and less fish than AGA-born individuals. No other significant differences were observed.

###### 

Comparison of proportions of consumption in SGA-born versus AGA-born individuals

  Variables               AGA (%)   SGA (%)   p Value
  ----------------------- --------- --------- ---------
  Alcoholic cocktails                         0.11
   Yes                    35.4      27.9      
   No                     64.6      72.1      
  Wine                                        0.90
   No                     89.1      89.5      
   \<1/2 L/day            10.9      10.5      
  Beer                                        0.53
   No                     79.3      80.8      
   \<1/2 L/day            16.7      14        
   \>1/2 L/day            3.9       5.3       
  Water                                       0.56
   No                     2.6       3.5       
   \<1/2 L/day            11.4      13.4      
   1/2 to 2 L/day         78.2      77.9      
   \>2 L                  7.9       5.2       
  Non-alcoholic drinks                        0.28
   No                     16.6      10.5      
   \<1/2 to 1 L           74.3      82        
   \>1 to 3 L             9.2       7.6       
  Meat                                        0.03
   100 g/day              36.2      40.1      
   100 to 200 g/day       61.1      52.3      
   \>200 g/day            2.6       7.6       
  Eggs                                        0.58
   \<4/week               87.3      89.5      
   4 to 7/week            12.2      10.5      
   ≥8/week                0.4       0         
  Fish                                        0.04
   \<2 portions/week      83.8      90.7      
   2 to 4 portions/week   16.2      9.3       
  Processed meat                              0.11
   ≤1 time/week           34.6      36.5      
   2 to 4 times/week      52.2      48.0      
   \>4 times/week         13.2      15.2      
  Fried products                              0.53
   1 time/week            63.2      66.3      
   ≥2 times/week          36.9      33.7      
  Butter                                      0.52
   ≤1 time/day            64.3      69.6      
   ≥2 times/day           35.8      30.4      
  Dairies                                     0.70
   Never                  5.2       3.5       
   \<1 portion/day        17.9      15.1      
   \>1 portion/day        76.8      81.4      
  Cheese                                      0.91
   ≤1 portion/day         58.5      59.9      
   ≥2 portions/day        41.5      40.1      
  Bread                                       0.87
   \<50 g/day             35.4      37.8      
   50 to 200 g/day        60.7      58.1      
   \>200 g/day            3.9       4.1       
  Dessert                                     0.03
   ≤1 time/week           31.9      37.4      
   2 to 4 times/week      52.8      40.4      
   \>4 times/week         15.3      22.2      
  Added sugar                                 0.81
   ≤10 g/day              83.4      81.4      
   \>10 g/day             16.6      18.6      

AGA, appropriate for gestational age; SGA, small for gestational age.

Results presented in [table 4](#BMJOPEN2016012309TB4){ref-type="table"} show the univariate and multivariate relative risks for quartile 1 of dietary score versus quartiles 2--4 in SGA versus AGA individuals. The relative risk of belonging to the first quartile versus the other three quartiles did not disclose any significant difference between SGA-born and AGA-born participants: RR=0.92 (95% CI 0.65 to 1.30; [table 4](#BMJOPEN2016012309TB4){ref-type="table"}).

###### 

Univariate and multivariate RRs (95% CI) for quartile 1 of dietary score versus quartiles 2--4 in AGA versus SGA groups

                            Quartiles 2--4 (n=301)   Quartile 1 (n=100)   Univariate RR (95% CI)   Multivariate RR (95% CI)
  ------------------------- ------------------------ -------------------- ------------------------ --------------------------
  AGA                       170                      59                   1                        1
  Mean (SD) dietary score   4.5 (0.8)                2.6 (0.3)                                     
  SGA                       131                      41                   0.92 (0.65 to 1.30)      0.92 (0.65 to 1.30)
  Mean (SD) dietary score   4.3 (0.8)                2.5 (0.5)                                     

Multivariate analyses adjusted for age and sex.

AGA, appropriate for gestational age; RR, relative risk; SGA, small for gestational age.

Multiple correspondence analyses did not reveal additional significant differences in dietary patterns between SGA and AGA individuals (results not shown). Sensitivity analyses comparing age, sex and BMI between individuals with and without available dietary data did not disclose any significant differences.

Discussion {#s4}
==========

In this study, we examined the differences in dietary intakes of young adults in their early 20s, born either SGA or AGA. We found that SGA-born adults were less likely to consume fish and more likely to eat meat and sweets when compared with their AGA-born counterparts. Fish consumption has been strongly associated with a lesser risk of cardiovascular diseases.[@R13] Our results suggest that small weight for gestational age might influence food choice and therefore health outcomes in adult years. We also found a difference in desserts intake but not in that of bread.

Data from a Brazilian birth cohort[@R14] showed that women who were born with intrauterine growth restriction had a spontaneous preference for carbohydrate intake instead of proteins and thus had a higher carbohydrate-to-protein ratio, which we find in our study by a higher dessert intake. Moreover, it has been shown that intrauterine growth restriction is strongly correlated with the hedonic response to a sweet solution on the first day of life of preterm infants.[@R15] This might be related to the programming that occurs in utero with the preference to palatable foods in intrauterine growth restriction and preterm infants.[@R16] No significant differences were observed here in either fat or alcohol intake.

Results from the Dutch famine cohort have shown that gestational famine exposure was associated with a preference for higher fat intake[@R7] as well as another study by Stein *et al*[@R17] which showed that gestational famine was associated with higher energy intake and higher fat density compared with sibling controls. Difference in results might be related to the population studied. Our sample is composed of SGA young adults who have not experienced in childhood the same programming of infants exposed to gestational famine.

Besides, the differences in results may be also based on countries-ethnic own preferences.

However, when we calculated the score based on PNNS guidelines, we did not find a significant difference in the risk of belonging to the lower quartile of the dietary score between groups, the lower quartile indicating lesser adherence to nutritional recommendations. Multiple correspondence analyses did not reveal additional significant differences regarding dietary score between AGA and SGA individuals. Our findings by multivariate analyses, controlling for age and sex, suggest that factors that occur in utero and affect fetal programming have a higher impact on the risk of metabolic syndrome (as previously published[@R10]) rather than dietary intake in adulthood. However, Shultis *et al*[@R18] have shown that there was no association between low birth weight and macronutrient intake in childhood after correction for gestational age and social variables, except for saturated fat intake.

The sample size with available dietary measurements was small compared with the whole sample, though sensitivity analyses did not disclose any significant differences between the two groups with regard to age, sex and BMI.

We have used a dietary questionnaire that included only 19 items, so a lack of precision in collected food consumption might lead to bias and underestimation of the correct consumed portions and usual dietary habits. Besides, it might also be difficult to find differences in scores based on 19 items only. We are also cognisant that it did not evaluate fruit and vegetable intake. However, since the same questionnaire was used for SGA and AGA individuals, this limitation applies to both groups. The restricted items in the questionnaire stem from the fact that fetal programming has been associated with a higher carbohydrate and fat intake, so there was a purpose to target those food groups in the Haguenau cohort. Moreover, there were no data on breast feeding and physical activity, which has been shown to have a positive impact regarding metabolism on children and adults;[@R19] we then cannot exclude this potential confounding factor.

We are also aware that the Food Frequency Questionnaire can be systematically erroneous, but no additional data were available regarding dietary intake, so validation with other dietary assessment methods was not possible. Besides, the results of the multivariate analyses and the lack of significance in dietary scores in SGA-born versus AGA-born adults might be explained by the limited sample with available dietary data in this cohort. Additionally, data from the Haguenau cohort has shown that SGA-born versus AGA-born adults were metabolically different and that SGA-born adults have a higher risk of developing the metabolic syndrome versus AGA-born adults (17 out of 734 SGA-born in contrast to 3 out of 886 AGA-born). This difference in the risk of metabolic syndrome was not seen in our subpopulation with available dietary data, especially since we are dealing with a small sample size. Thus, we are cognisant that food preferences may not be as different as in those who were not included in those analyses, which indeed were metabolically different.

The main strengths of the present study include the homogeneous population studied and the high participation rate. Individuals grew up at a time when nutritional conditions were optimal and uniform in the area of Haguenau and were of the same socioeconomic background.

In conclusion, this study provides some evidence of differences in selected food items between adults born SGA and those born AGA. However, no differences were found in the risk of belonging to the lower quartile of adherence to recommendations in SGA-born versus AGA-born individuals. To the best of our knowledge, this is the first study to compare dietary intakes in adulthood of individuals born either SGA or AGA. These results suggest that parameters associated with fetal programming have a higher role in the development of metabolic syndrome in adulthood rather than dietary intake. Further studies are needed to better understand the impact of dietary intake in participants born SGA.
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